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EXHAUST DIAPHRAGM ASSEMBLY 

BACKGROUND OF THE INVENTION 

This invention relates generally to marine engines and, more 
specifically, to detecting engine exhaust gas pressure in a fuel injected or direct fuel 
injected engine. 

Marine engines typically include a power head, an exhaust housing, 
and a lower unit. A drive shaft extends from the power head, through the exhaust 
housing, and into the lower unit. The lower unit includes a gear case, which supports 
a propeller shaft. One end of the propeller shaft is engaged to the drive shaft, and a 
propeller is engaged to an opposing end of the shaft. 

In order to maintain optimum combustion, as airflow to the cylinders 
increases, fuel flow to the cylinders also should increase. As airflow to the cylinders 
decreases, fuel flow to the cylinders also should decrease. 

Many variables impact airflow to the cylinders including conditions at 
the propeller. For example, the depth at which an engine propeller is located in the 
water impacts air flow through the engine, including an amount of fresh air supplied 
to the engine cylinders. Fuel flow to the cylinders also is adjusted based on operating 
parameters such as atmospheric pressure and intake air temperature. An absolute 
pressure sensor typically is utilized for generating a signal representative of 
atmospheric pressure, and a temperature sensor typically is located at the engine air 
intake to generate a signal representative of intake air temperature. The sensors are 
coupled to, or part of, an electronic control unit (ECU), which samples the signals 
generated by the sensors and adjusts fuel flow according to the sampled signals. 

An additional parameter that has a significant impact on fresh airflow 
to the engine cylinders is exhaust flow. Specifically, a key parameter governing the 
exhaust gas flow is the gas pressure within the exhaust system. Known commercial 
marine engines, however, do not utilize exhaust gas pressure data in controlling the 
fuel / air ratio in the engine cylinders. 

More specifically, and until now, the difficulties and costs associated 
with measuring such exhaust gas pressure for controlling the fuel / air ratio during 
engine operations were prohibitive in commercial marine engines. For example, the 
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carbon and soot resulting from the combustion process can collect and block the 
sensor, preventing it from reading pressure. In addition, exhaust gas from an internal 
combustion engine contains known corrosive compounds which can damage electrical 
components. 

5 

BRIEF SUMMARY OF THE INVENTION 

The present invention, in one aspect, includes a diaphragm assembly 
for being connected between an engine exhaust path and an engine control unit to 
transmit exhaust gas pressure from the exhaust path to the engine control unit. In an 
exemplary embodiment, the diaphragm assembly includes a diaphragm housing and a 
10 diaphragm positioned in the housing and separating a first chamber and a second 
chamber. The first chamber is configured to be in flow communication with the 
exhaust path and the second chamber is configured to be in flow communication with 
the engine control unit. 

The diaphragm housing, in the exemplary embodiment, includes a first 
15 housing member and a second housing member. An inner surface of the first housing 
member also is a side wall of the first chamber, and the inner surface has a conical 
shape to facilitate drainage of water from the first chamber. Also, the first chamber 
has a first volume and said second chamber has a second volume. The first volume is 
greater than the second volume. 

20 The diaphragm includes an o-ring and a diaphragm member integral 

with the o-ring. In the exemplary embodiment, the o-ring and said diaphragm 
member are fabricated from fluorosilicone. The first and second housing members 
each include an o-ring groove so that when the housing members are assembled, the 
diaphragm o-ring is trapped between the first and second housing members in the 

25 grooves. 

Prior to operation of the engine, the diaphragm assembly is coupled to 
the engine so that the first chamber is in flow communication with the engine exhaust 
path and the second chamber is in flow communication with the engine control unit. 
In one embodiment, a first tube extends from an opening in the engine power head to 
30 an inlet to the first chamber, and a second tube extends from an outlet of the second 
chamber to a port of the control unit. 
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During engine operation, exhaust gas pressure is communicated to the 
diaphragm via the first tube. An increase in the exhaust gas pressure causes the 
diaphragm to compress the air in the second chamber and in the second tube. As a 
result, the pressure change is transmitted through the second chamber, the second 
tube, and to the engine control unit. The engine control unit can use such exhaust gas 
pressure data to control engine operations, such as to control the fuel / air ratio in the 
engine cylinders. 

The above described diaphragm facilitates communication of engine 
exhaust gas pressure information to an engine control unit and protects the control 
unit from direct exposure to the exhaust gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view of an outboard engine. 

Figure 2 is a schematic illustration of a probe and diaphragm assembly 
coupled to engine ECU. 

Figure 3 is a partial cross-sectional view of a probe installed in an 

engine. 

Figure 4 is a cross-sectional view of the probe shown in Figure 3 along 

Line 4-4. 

Figure 5 is an exploded view of the probe shown in Figure 4. 
Figure 6 is a right side view of a diaphragm. 
Figure 7 is a left side view of a diaphragm. 

Figure 8 is a cross-sectional view of the diaphragm shown in Figure 7 
along Line 7-7. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention is described herein in the context of an outboard 
engine. The present invention could, however, be utilized in connection with a stern 
drive engine as well as with an outboard engine. Further, the present invention is not 
limited to practice with any one particular engine, and therefore, the following 
5 description of an exemplary engine relates to only one exemplary implementation of 
the present invention. 

Referring more particularly to the drawings, Figure 1 is a perspective 
view of an outboard engine 10, such as an outboard engine commercially available 
10 from Outboard Marine Corporation, Waukegan, Illinois. Engine 10 includes a cover 
12 which houses a power head 14, an exhaust housing 16, and a lower unit 18. A 
drive shaft 20 extends from power head 14, through exhaust housing 16, and into 
lower unit 18. 

15 Lower unit 18 includes a gear case 22 which supports a propeller shaft 

24. One end of propeller shaft 24 is engaged to drive shaft 20, and a propeller 26 is 
engaged to an opposing end of shaft 24. Propeller 26 includes an outer hub 28 
through which exhaust gas is discharged. Gear case 22 includes a bullet, or torpedo, 
30 and a skeg 32 which depends vertically downwardly from torpedo 30. 

20 

Power head 14 includes an internal combustion engine having an 
exhaust system with an exhaust outlet. Power head 14 also includes an adapter 34. A 
port 36 is located in adapter and typically is used for emission testing of engine 10. A 
main exhaust gas duct extends through adapter 34 and exhaust housing 16 and into 
25 lower unit 18 so that exhaust flows from power head 14 through the gas duct and out 
hub 28. 

Figure 2 is a schematic illustration of a probe and diaphragm assembly 
50, sometimes referred to herein as an exhaust pressure sensing system, coupled to an 
engine ECU 52. System 50 includes a probe 54 coupled to a diaphragm assembly 56 
30 by a first tube 58. Diaphragm assembly 56 is coupled to ECU 52 at an ECU port 60 
by a second tube 62. Generally, and with respect to engine 10 shown in Figure 1, 
system 50 is located under cover 12 with probe 54 located within opening 36. 

Alternatively, and rather than probe 54, diaphragm assembly 56 can be 
directly connected to the engine by one tube (e.g., tube 58) of sufficient length. In an 
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exemplary embodiment, tube 58 could be provided with a threaded member at the end 
to be secured to the power head. Of course, alternative connectors could be used to 
secure tube 58 to the engine. The probe therefore is not necessarily required for use 
with each type of engine, and assembly 56 can be utilized with and without a probe. 

5 Figure 3 is a partial cross-sectional view of probe 54 installed in 

opening 36 of engine 10. A power head case 100 of engine 10 at opening 36 includes 
a water jacket 102 to cool case 100. Opening 36 is defined by a threaded wall 104. 
An exhaust duct, or path, 106 is formed by case 100, and path 106 extends from 
power head 14, through exhaust housing 16, and lower unit 18 (Figure 1). 

10 Probe 54 includes an elongate probe body 110, and an engine 

engagement assembly 1 12 secured to probe body 110 and configured to engage to the 
engine so that probe body 110 at least partially extends into the engine exhaust path. 
Elongate probe body 110 includes a hollow, cylindrical shaped member 1 14 having at 
least one opening 116 through a side wall 118. More specifically, and in the 

1 5 embodiment shown in Figure 3, three openings 1 1 6 extend through cylindrical shaped 
member side wall 118. Openings 1 16 are radially spaced about 120° apart from each 
adjacent opening 116. Openings 116 are not axially aligned so that exhaust cannot 
simply flow into one opening 116 and then out another opening 116 without any 
interference by probe 54. Of course, more than or fewer than three openings 116 can 

20 be utilized. Elongate probe body 110 further includes a cap 120 secured to and 
closing an open end 122 of cylindrical shaped member 114. 

Engine engagement assembly 112 includes a threaded portion 124 
sized to be threadedly engaged within opening 36, and a tube connection portion 126 
sized to be inserted within tube 58. Tube connection portion 126 includes a head 128 
25 to prevent unintended separation of probe 54 and tube 58. Tube 58 is secured to tube 
connection portion 126 by a locking ring 130. Assembly 112 also includes a sealing 
portion 132 which when probe 54 is fully tightened into opening 36, tightly fits 
against case 100. A hex portion 134 also is provided to facilitate securing probe 54 
within opening 36 using a wrench or other mating tool. 

30 Figure 4 is a cross-sectional view of probe 54 along Line 4-4 in Figure 

3. As shown in Figure 4, probe 54 includes a pellet 136 located within cylindrical 
shaped member 114. In an exemplary embodiment, pellet 136 is sintered metal. 
Cylindrical shaped member 114 includes an inner diameter surface 138, and a ledge 
140 is formed by inner diameter surface 138. Pellet 136 is trapped between ledge 140 
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and cap 120 secured to and closing open end 122 of cylindrical shaped member 114. 
Pellet 136, in the exemplary embodiment, is at least coextensive with the location of 
openings 116 so that carbon and soot that may flow into probe 54 via openings 116 
come into contact with pellet 136. A flow passage 142 extends longitudinally through 
5 probe 54 so that exhaust gas pressure is communicated through probe 54 and into tube 
58. 

Figure 5 is an exploded view of probe 154. As clearly shown in Figure 
5, probe 154 includes elongate probe body 110, engine engagement assembly 112, 
and cap 120. Elongate body 1 10 is press fit into engagement with engine engagement 

10 assembly 1 12. Specifically, a bore 144 extends though threaded portion 124, and bore 
144 is sized to form a tight fit with elongate body 110. Pellet 136 is inserted into 
body 1 10, and cap 120 is sized to be fit over pellet 136 and within body 110. Cap 120 
forms a tight fit with body 110. Elongate body 110, engagement assembly 112, and 
cap 120 are fabricated, for example, from stainless steel. Pellet 136 is, for example, 

15 sintered metal. 

To assembly probe 54 to power head 100, elongate body 110 is 
inserted through opening 36 and threaded portion 124 threadedly engages the threads 
of opening 36. A wrench or other tool can be used to tighted probe 54 so that seal 
portion 132 tightly fits against case 100. Tube 58 is then pushed over tube portion 
20 126 and locking ring 130 securely maintains tube 58 in tight fit with portion 126. 
Probe tip 146 extends into exhaust duct 106 so that tip 146 is located within a hot 
portion of the exhaust flow during engine operation. 

During engine operation, the exhaust gas emitted from each cylinder 
and is transmitted through and along exhaust duct or path 106. Some exhaust flows 

25 into probe 54 through openings 1 16, and the large particle of carbon and soot, which 
are naturally found in such exhaust are substantially blocked by sintered metal pellet 
136 from flowing towards tube 58. That is, pellet 136 functions as a filter to prevent 
oil, soot, and carbon from entering and blocking passage 142. Since tip 144 is located 
in the hot portion of the exhaust flow, such heat is transferred to pellet 136 and to the 

30 blocked soot and carbon. The temperature within probe 54 at pellet 136 can reach a 
sufficiently high temperature so that the soot and carbon burn in probe 54. 

Referring to Figures 6, 7, and 8, Figure 6 is a right side view of 
diaphragm assembly 56, Figure 7 is a left side view of assembly 56, and Figure 8 is a 
cross sectional view along Line 8-8 shown in Figure 7. Diaphragm assembly 56 
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includes a diaphragm housing 150 and a diaphragm 152 positioned in housing 150 
and separating a first chamber 154 and a second chamber 156. First chamber 154 is 
configured to be in flow communication with the exhaust path and second chamber 
156 is configured to be in flow communication with the engine control unit. 

5 Diaphragm housing 150 includes a first housing member 158 and a 

second housing member 160. Housing members 158 and 160 are fabricated using, for 
example, plastic molding processes. First housing member 158 has an inlet 162, and 
second housing member 160 has an outlet 164. An inner surface 166 of first housing 
member 158 also is a side wall of first chamber 154, and inner surface 166 has a 
10 conical shape to facilitate drainage of water from first chamber 154. Also, first 
chamber 154 has a first volume and second chamber 156 has a second volume. The 
first volume is greater than the second volume. 

Diaphragm 152 includes an o-ring 168 and a diaphragm member 170 
integral with o-ring 168. O-ring 168 and diaphragm member 170 are fabricated, for 

15 example, from fluorosilicone. First and second housing members 158 and 160 each 
include an o-ring groove 172 and 174 so that when housing members 158 and 160 are 
assembled, diaphragm o-ring 168 is trapped between first and second housing 
members 158 and 160 in grooves 172 and 174. First and second housing members 
158 and 160 are secured together by screws 176 which extend through openings in 

20 second housing member 160 and into threaded bosses 178 of first housing member 
158. 

Prior to operation of the engine, diaphragm assembly 56 is coupled to 
the engine so that first chamber 154 is in flow communication with the engine exhaust 
path and second chamber 156 is in flow communication with the engine control unit. 
25 In one embodiment, first tube 58 extends from inlet 162 to probe 54, and second tube 
62 extends from outlet 164 to the engine ECU. Tubes 58 and 62 are secured to inlet 
162 and outlet 164 by locking rings 180. 

Tube 62 may include a flow restrictor 182 to dampen pressure spikes 
transmitted through tube 62 to the engine ECU, resulting in the final pressure reading 
30 at the ECU representing an averaged measure of the exhaust gas pressure. Restrictor 
182 may, for example, be fabricated from brass and include a reduced size flow 
section 1 84 having a through hole with a diameter of about 20/1 000 of an inch. 
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The air in second chamber 156 and tube 62 is trapped. That is, second 
chamber 156 and tube 62 are sealed so that air does not escape therefrom. Limiting 
the volume of trapped air is beneficial in that as such trapped air is heated and 
expands, such expanding air acts on diaphragm 152. It would be undesirable for 
5 diaphragm 152 to fully expand due to expansion of the trapped air since if diaphragm 
152 fully expands into first chamber 154, it will no longer communicate an accurate 
pressure change from the first chamber 154 to second chamber 156. By limiting the 
volume of trapped air, the extent of the expansion of diaphragm 152 also is limited so 
that even on extremely hot days, diaphragm 152 still efficiently transmits exhaust 
10 pulses from first chamber 154 to second chamber 156. 

During engine operation, changes in exhaust gas pressure are 
communicated to diaphragm 152 via first tube 58. The change in exhaust pressure 
5 causes diaphragm 152 to compress air in second chamber 154 and in second tube 62. 

U] As a result, the pressure change is transmitted through second chamber 154, second 

7n 15 tube 62, and to the engine control unit. The engine control unit can use such exhaust 
ffl gas pressure data to control engine operations, such as to control the fuel / air ratio in 

Zj the engine cylinders. 

O The above described diaphragm facilitates communication of engine 

:t exhaust pressure information to an engine control unit and protects the control unit 

Cp 20 from direct exposure to the exhaust flow. 

O The above described diaphragm assembly 56 could be sold in kit form. 

In an exemplary embodiment, the kit includes diaphragm assembly 56, and a tube for 
connecting the diaphragm to the engine exhaust duct (e.g., directly or via a probe) and 
to an engine ECU. Of course, locking rings also may be included in the kit for 
25 securing the tube to the tube connector portions of the various components. The kit 
may also include a probe for being at least partially inserted within the exhaust flow. 

While the invention has been described in terms of various specific 
embodiments, those skilled in the art will recognize that the invention can be practiced 
with modification within the spirit and scope of the claims. 
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WHAT IS CLAIMED IS: 

JK A diaphragm assembly for being connected between an engine 
exhaust patffand an engine control unit, said diaphragm assembly comprising: 

a diaphragm housing; and 

a diaphragm positioned in said housing and separating a first chamber 
5 and a second chamber, said first chamber configured to be in flow communication 
with the engine exhaust path, and said second chamber configured to be in flow 
communication with the engine control unit. 

2. A diaphragm assembly in accordance with Claim 1 wherein 
said diaphragm housing comprises a first housing member and a second housing 

10 member, said diaphragm between said first and second housing members. 

3. A diaphragm assembly in accordance with Claim 2 wherein an 
inner surface of said first housing member also is a side wall of said first chamber, 
said inner surface having a conical shape to facilitate drainage of water from said first 
chamber. 

15 4. A diaphragm assembly in accordance with Claim 1 wherein 

said first chamber comprises a first volume and said second chamber comprises a 
second volume, said first volume greater than said second volume. 

5. A diaphragm assembly in accordance with Claim 1 wherein 
said diaphragm comprises an o-ring and a diaphragm member integral with said o- 

20 ring. 

6. A diaphragm assembly in accordance with Claim 5 wherein 
said o-ring and said diaphragm member are fluorosilicone. 

7. A diaphragm assembly in accordance with Claim 5 wherein 
said diaphragm housing comprises an o-ring groove for receiving said o-ring. 

25 8. A diaphragm assembly in accordance with Claim 5 wherein 

said diaphragm housing comprises a first housing member and a second housing 
member, said first and second housing members each comprising an o-ring groove so 
that when said housing members are assembled, said diaphragm o-ring is trapped 
between said first and second housing members in said grooves. 
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ff. An exhaust gas pressure sensing system for being connected 
between an 'engine exhaust path and an engine electronic control unit of a marine 
engine, said system comprising: 

a probe for being secured to the marine engine and configured to 
5 extend into the engine exhaust path; and 

a diaphragm assembly in flow communication with said probe and 
coupled between said probe and the engine electronic control unit. 

10. An exhaust gas pressure sensing system in accordance with 
Claim 9 wherein said diaphragm assembly comprises: 

1 0 a diaphragm housing; and 

a diaphragm positioned in said housing and separating a first chamber 
and a second chamber, said first chamber configured to be in flow communication 
with the engine exhaust path, and said second chamber configured to be in flow 
communication with the engine control unit. 

15 11. An exhaust gas pressure sensing system in accordance with 

Claim 10 wherein said diaphragm housing comprises a first housing member and a 
second housing member, said diaphragm between said first and second housing 
members. 

12. An exhaust gas pressure sensing system in accordance with 
20 Claim 1 1 wherein an inner surface of said first housing member also is a side wall of 

said first chamber, said inner surface having a conical shape to facilitate drainage of 
water from said first chamber. 

13. An exhaust gas pressure sensing system in accordance with 
Claim 10 wherein said first chamber comprises a first volume and said second 

25 chamber comprises a second volume, said first volume greater than said second 
volume. 

14. An exhaust gas pressure sensing system in accordance with 
Claim 10 wherein said diaphragm comprises an o-ring and a diaphragm member 
integral with said o-ring. 
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15. An exhaust gas pressure sensing system in accordance with 
Claim 9 wherein said probe comprises an elongate probe body, and an engine 
engagement assembly secured to said probe body and configured to engage to the 
engine so that said probe body at least partially extends into the engine exhaust path. 

5 16. An exhaust gas pressure sensing system in accordance with 

Claim 15 wherein said elongate probe body comprises a hollow, cylindrical shaped 
member having at least one opening through a side wall of said cylindrical shaped 
member. 

17. An exhaust gas pressure sensing system in accordance with 
10 Claim 16 wherein three openings extend through said cylindrical shaped member side 

wall, said openings being radially spaced about 120° apart from each adjacent 
opening. 

18. An exhaust gas pressure sensing system in accordance with 
Claim 15 wherein said elongate probe body further comprises a cap secured to and 

1 5 closing an open end of said cylindrical shaped member, 

19. An exhaust gas pressure sensing system in accordance with 
Claim 15 further comprising a pellet located within said cylindrical shaped member. 

20. An exhaust gas pressure sensing system in accordance with 
Claim 15 wherein said engine engagement assembly comprises a threaded portion 

20 sized to be threadedly engaged within an opening in flow communication with the 
engine exhaust path, and a tube connection portion sized to be inserted within a tube. 

A method for securing a diaphragm assembly to an engine, said 
method comprising the steps of: 

coupling an inlet of the diaphragm assembly in flow communication 
25 with an exhaust path of the engine; and 

coupling an outlet of the diaphragm assembly to an electronic control 
unit of the engine. 

22. A method in accordance with Claim 21 wherein coupling an 
inlet of the diaphragm assembly in flow communication with an exhaust path of the 
30 engine comprises the steps of: 
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at least partially inserting a probe through an opening in the engine; 

securing the probe in place so that at least a portion of the probe 
extends into an exhaust path of the engine; 

engaging one end of a tube to the probe so that during engine 
5 operation, exhaust pulses sensed by the probe are transmitted through the probe to the 
tube; and 

engaging a second of the tube to the inlet of the diaphragm assembly. 

23. A method in accordance with Claim 22 wherein securing the 
probe in place comprises the step of threadedly engaging the probe within an opening 
10 in the engine. 

24^ Apparatus for sensing changes in exhaust gas pressure during 
engine operation, said apparatus comprising diaphragm means configured to be 
coupled between an exhaust path of the engine and an engine control unit and for 
transmitting exhaust pulses to the control unit. 

15 25. Apparatus in accordance with Claim 24 wherein said 

diaphragm means comprises a diaphragm housing, and a diaphragm positioned in said 
housing and separating a first chamber and a second chamber, said first chamber 
configured to be in flow communication with the engine exhaust path, and said second 
chamber configured to be in flow communication with the engine control unit. 

20 26. Apparatus in accordance with Claim 25 wherein said 

diaphragm housing comprises a first housing member and a second housing member, 
said diaphragm between said first and second housing members. 

27. Apparatus in accordance with Claim 25 wherein an inner 
surface of said first housing member also is a side wall of said first chamber, said 

25 inner surface having a conical shape to facilitate drainage of water from said first 
chamber. 

28. Apparatus in accordance with Claim 24 further comprising 
probe means for sensing exhaust gas pressure during engine operation, and 
engagement means secured to said probe means for securing said probe so that said 
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probe at least partially extends within an exhaust path of the engine during engine 
operation. 

29. Apparatus in accordance with Claim 28 wherein said probe 
means comprises an elongate probe body comprising a hollow, cylindrical shaped 

5 member. 

30. Apparatus in accordance with Claim 29 wherein said 
cylindrical shaped member comprises at least one opening through a side wall of said 
cylindrical shaped member. 

3 1 . Apparatus in accordance with Claim 30 wherein three openings 
10 extend through said cylindrical shaped member side wall, said openings being radially 

spaced about 120° apart from each adjacent opening. 

32. Apparatus in accordance with Claim 29 wherein said elongate 
probe body further comprises a cap secured to and closing an open end of said 
cylindrical shaped member. 

15 33. Apparatus in accordance with Claim 28 further comprising a 

pellet located within said probe means. 

34. Apparatus in accordance with Claim 33 wherein said pellet 
comprises sintered metal. 

35. Apparatus in accordance with Claim 28 wherein said 
20 engagement means comprises an engine engagement assembly secured to said probe 

means and configured to engage to the engine so that said probe means at least 
partially extends into the engine exhaust path. 

36. Apparatus in accordance with Claim 35 wherein said engine 
engagement assembly comprises a threaded portion sized to be threadedly engaged 

25 within an opening in flow communication with the engine exhaust path. 

A engine comprising: 
a powerhead; 

an exhaust housing extending from said power head; 
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a lower unit extending from said exhaust housing; 

an exhaust path extending from said power head and through said 
exhaust housing and said lower unit; and 

a diaphragm assembly in flow communication with said exhaust path 
5 and coupled to an engine control unit. 

38. An engine in accordance with Claim 37 wherein said 
diaphragm comprises a diaphragm housing, and a diaphragm positioned in said 
housing and separating a first chamber and a second chamber, said first chamber 
configured to be in flow communication with the engine exhaust path, and said second 

1 0 chamber configured to be in flow communication with the engine control unit. 

39. An engine in accordance with Claim 38 wherein said 
diaphragm housing comprises a first housing member and a second housing member, 
said diaphragm between said first and second housing members. 

40. An engine in accordance with Claim 39 wherein an inner 
15 surface of said first housing member also is a side wall of said first chamber, said 

inner surface having a conical shape to facilitate drainage of water from said first 
chamber. 

41. An engine in accordance with Claim 38 wherein said 
diaphragm comprises an o-ring and a diaphragm member integral with said o-ring. 

20 42. An engine in accordance with Claim 37 further comprising a 

probe comprising an elongate probe body, and an engine engagement assembly 
secured to said probe body and engaged relative to said exhaust path so that said 
probe body at least partially extends into said engine exhaust path. 

43. An engine in accordance with Claim 42 wherein said elongate 
25 probe body comprises a hollow, cylindrical shaped member comprising a side wall 

and at least one opening through said side wall. 

44. An engine in accordance with Claim 43 wherein three openings 
extend through said cylindrical shaped member side wall, said openings being radially 
spaced about 120° apart from each adjacent opening. 
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45. An engine in accordance with Claim 43 wherein said elongate 
probe body further comprises a cap secured to and closing an open end of said 
cylindrical shaped member. 

46. An engine in accordance with Claim 43 further comprising a 
5 pellet located within said cylindrical shaped member. 

Jff^ A kit for a marine engine, comprising a diaphragm assembly 
comprising a diaphragm housing, and a diaphragm positioned in said housing and 
separating a first chamber and a second chamber, said first chamber configured to be 
in flow communication with an engine control unit, and said second chamber 
10 configured to be in flow communication with an engine exhaust path. 

48. A kit in accordance with Claim 47 wherein said diaphragm 
housing comprises a first housing member and a second housing member, said 
diaphragm between said first and second housing members. 

49. A kit in accordance with Claim 48 wherein an inner surface of 
15 said first housing member also is a side wall of said first chamber, said inner surface 

having a conical shape to facilitate drainage of water from said first chamber. 

50. A kit in accordance with Claim 47 wherein said first chamber 
comprises a first volume and said second chamber comprises a second volume, said 
first volume greater than said second volume. 

20 51. A kit in accordance with Claim 47 wherein said diaphragm 

comprises an o-ring and a diaphragm member integral with said o-ring. 

52. A kit in accordance with Claim 47 further comprising a probe 
for being secured to the marine engine, said probe comprising an elongate probe body, 
and an engine engagement assembly secured to said probe body and configured to 

25 engage to the engine so that said probe body at least partially extends into the engine 
exhaust path. 

53. A kit in accordance with Claim 52 wherein said elongate probe 
body comprises a hollow, cylindrical shaped member comprising at least one opening 
through a side wall of said cylindrical shaped member. 
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54. A kit in accordance with Claim 53 wherein three openings 
extend through said cylindrical shaped member side wall, said openings being 
radially spaced about 120° apart from each adjacent opening. 

55. A kit in accordance with Claim 52 wherein said elongate probe 
5 body further comprises a cap secured to and closing an open end of said cylindrical 

shaped member. 

56. A kit in accordance with Claim 52 further comprising a pellet 
located within said probe body. 

57. A kit in accordance with Claim 56 wherein said pellet 
10 comprises sintered metal. 
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EXHAUST DIAPHRAGM ASSEMBLY 



ABSTRACT OF THE DISCLOSURE 

The present invention, in one aspect, includes a diaphragm assembly 
for being connected between an engine exhaust path and an engine electronic control 
unit to transmit changes in exhaust gas pressure from the exhaust path to the control 
unit. In an exemplary embodiment, the diaphragm assembly includes a diaphragm 
5 housing and a diaphragm positioned in the housing and separating a first chamber and 
a second chamber. The first chamber is configured to be in flow communication with 
the exhaust path and the second chamber is configured to be in flow communication 
with the engine control unit. The diaphragm housing, in the exemplary embodiment, 
includes a first housing member and a second housing member. An inner surface of 

10 the first housing member also is a side wall of the first chamber, and the inner surface 
has a conical shape to facilitate drainage of water from the first chamber. Also, the 
first chamber has a first volume and said second chamber has a second volume. The 
first volume is greater than the second volume. The diaphragm includes an o-ring and 
a diaphragm member integral with the o-ring. In the exemplary embodiment, the o- 

15 ring and said diaphragm member are fabricated from fluorosilicone. The first and 
second housing members each include an o-ring groove so that when the housing 
members are assembled, the diaphragm o-ring is trapped between the first and second 
housing members in the grooves. 



-17- 



/7€ j 

\ fX6. 7 




8 





Attorney's Docket No. 


DECLARATION AND POWER OF ATTORNEY 




EN-3093-US 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled - 
EXHAUST DIAPHRAGM ASSEMBLY, the specification of which: 

(check one) K] is attached hereto 

t ] was filed on as Application Serial No. , 

and was amended on 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance with Title 
37, Code of Federal Regulations §1. 56(a). 

I hereby claim priority benefits under Title 35, United States Code, §120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code, §112. I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, §1. 56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 

Application Serial No. Filing Date Status (patented, pending, abandoned) 



I hereby claim the benefit under Title 35, United States-Code §11 9(e) of any United States provisional appiication(s) listed 
below: 



Application Serial No 



Filing Date 



Additional provisional application 
numbers are listed on a 
supplemental priority sheet 
attached hereto. 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith. (list name and registration 
number) 

John S. Beulick (Reg. No. 33,338), Patrick W. Rasche (Reg. No. 37,916), Michael Tersillo (Reg. 
No. 42,180), Tara A. Nealey (Reg. No. 42,927), Bruce T. Atkins, (Reg. No. 43,476), Alan L. Cassel 
(Reg. No. 35,842), Stephen R. Cooper (Reg. No. 42,437), Elizabeth D. Odell (Reg. No. 39,532), 
Robert B. Reeser, III (Reg. No. 45,548), Robert E. Slenker (Reg. No. 45,1 12), and Natu J. Patel 
(Reg. No. 39,559) of Armstrong Teasdale LLP, One Metropolitan Square, Suite 2600, St. Louis, 
MO 63102-2740; and John H. Pilarski (Reg. No. 33,038) of Outboard Marine Corporation, 100 Sea 
Horse Drive, Waukegan, IL 60085. 



Send Correspondence to: 

John S. Beulick 

Armstrong Teasdale LLP 

One Metropolitan Square, Suite 2600 

St. Louis, MO 63102-2740 



Direct Telephone Calls To: 

John S. Beulick 
314/621-5070 



DECLARATION AND POWER OF ATTORNEY 



Attorney's Docket No. 
EN-3093-US 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application and any patent issued thereon. 

SOLE OR FIRST INVENTOR: 
Fun Name: Patrick C. Tetzlaff 



Signature: ^f^t^J <T- Date: V^C^~^Q^7 

Residence: Franklin, Wl __ 

Citizenship- United States 

Post Office Address: 6361 S. 27 th St., Lot #40, Franklin, Wl 531 32 



SECOND JOINT INVENTOR, IF ANY: 
Full Name: James E. Macier 



SignatureI ^O.AAA^ Date: {-$QL\^ 'ZC ( *?JDO CD 

ResidenceTBeach Park, IL 



Citizenship: United States 



Post Office Address: 40020 N. Adelphi, Beach Park, IL 60099 



THIRD JOINT INVENTOR, IF ANY: 
Full Name: Jonathan J. Servais 




Signature: -^/^(^ A (£ W^- ^ Date. AP(ZaL ,20CQ 

Residence: Kenosha, Wl 
Citizenship: United States 



Post Office Address: 1821 33 St., Kenosha, Wl 53140 



